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(m) Reduction of dysfunction in angiaplaatvpfacedu 

(n) A composition for reducing dysfunction in angioplasty 
procedures comprises a selected amount of a carrier end a 
prostaglandin compound carried in a speciritd amount. The 
carrier does not alter the prostaglandin compound and re- 
leases the prostaglandin compowftd at a rata sufTident to dt- 
late blood vessels to thereby produce the required efTicacy. A 
preoadtaged combination of components provides for the 
complete administration of the protagiandin compound be- 
lore, during and after the angioplastv procedure. 
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TITLE OF THE INVENTION 
REDUCTION OF DYSFUNCTION IN ANCIOPUSTi' PROCEDURES 



BACKGROUND OF TnTl TKVgKTTQW 

1. rt^Itf 9t th^ Invgntlon 

$ This Invention relates in general to certain new and 

useful isproveaents in reducing dysfunction in 

angioplasty procedures, and &ore particularly, 

relies upon the introduction of a selected 
amount of a prostaglandin compound into the artery in vhich an 

xo angioplasty procedure is performed and compositions csntaining 
specified amounts of the prostaglandin compound to produce a 
high degrae of efficacy. 

2. Brief Peseriptlen ef the Prior Art 

Angioplasty procedures ware first used in the 1960*8 and 
15 since that time have gained widespread acceptance as a means of 
obtaining dilation of arteries. Particularly, ongioryocardial 
angioplasty procedures have become widely adopted to obtain 
dilation of myocardial arteries. 
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In th« conventional angioplasty procadure, a email 
balloon tipped catheter Is Introduced into an artery, often 
using a guide wire or a catheter tube in which a balloon may be 
positioned at an artery stenosis. These balloons and catheter 
assenblles are often referred to as coronary balloon dilation 
catheters. in many cases, the catheters are designed to perait 
continued distal dye injections through the balloon to penalt 
visual verification of proper approach to a lesion or other area 
in which the procedure is to be employed , 

Some of the probleDs which appear to arise after 
angioplasty procedures include early restenosis and possibly 
abrupt occlusion. It is therefore necessary to provide some 
means which exhibits a cytoprotective effect during ischeaia and 
which nay salavaga the aiyocardiutt during tranelunlnal 
angioplasty, particularly when high inflation pressures are 
needed for a long duration, as for example, up to six minutes, 
or otherwise, in the case of an unstable angina. 

In order to overcome soice of the dysfunction resulting 
froa percutaneous tronsluainal coronary angioplasty, heparin and 
Intracoronary nitroglycerine, as well as systeaic calcium 
blockers have been used. In addition, various preparations have 
been employed prior to the angioplasty procedures and include, 
for example, aspirin, Persantine, intravenous dextran, etc. 
Nevertheless, the various coaplications still persist. 
Moreover, these coaplications account for virtually all of the 
problems in percutaneous transluainal coronary angioplasty. In 
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the NHLBI reglstery, as roported by Covlcy ct al in the Aoerican 
Journal of Cardiology, 19S4, the results of the cases of 3,079 
patients wer« exaained and 418 patients suffered soce fora of 
post angioplasty procedure ccaplications. 

^Thera have, been nunarous publications dealing with the 
various types of prostaglandin compounds and their ef f ectivonesB 
tor providing antiplatelet effects and antithronbotic effects 
and antispassic effects. Por example, U.S. Patent No. 4,239,778 
to Venton et al, discloses a novel esaprostanoic acid analog and 
its effectiveness as an inhibitor of platelet aggregation. U.S. 
Patent No. 4,095,036 to Yankee discloses an 8-beta 12-alpha PG-2 
prostaglandin typa analog and its effectiveness in controlling 
spasa, particuarly in asthaatic conditions, as well as a 
decrease in blood platelet adhesiveness. This patent also 
discloses the use of various prostaglandin analogs as being 
effective to prevent the foraation of throabi to thereby 
prevent post operative throcbosis and their effectiveness in and 
prevention of oyocardial infarcts. 

In liXe manner, D.S. Patent Ho. 4,205,178 to Axon 
discloses various prostaglandin E derivatives and' analog 
cocpounds which are also effective in prevention of ayocardial 
infarcts and effective in inhibiting platelet aggregation, \lhis 
patent also discloses the use of these coapounds as hypotensive 
agents when administered at a rate of about 0.01 to about 50 
aicrograas per )cilograB of body weight per minute. 

Thoro have been several articles dealing with the effects 
of proBtoglandin reduction as a result of arterial insult. For 
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example, the article entitled "Vessel Wall Arachidonate 
Hetabolian After Angioplasty" by Andrew Cragg, m,D. et al 
discusses the mechanisB of post angioplasty vasospasa and the 
postulation that a reduction in prostaglandin 1-2 or 

5 prostaglandin Z-2 night contribute to spasm of a dilated artery, 
as reported in the May 1, 1983 edition of the Aaerican Journal 
of Cardiology, Voluae 51, pages 1441 et seq. m like manner, a 
discussion of paralysis end hypereala of an arterial wall and 
altered vaso=otor tone has been deaonstrated following 

,0 percutaneous transluminal angioplasty end the effect of 
reduction of prostaglandin coapounds generated by the body, in 
"Prostaglandins and Angioplasty" as reported in Interventional 
Radiology, Deceaber 1983, page 681 et se^. 
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OBJECTS OF THE IKVEKTIOH 
It Is, tharefore, a priaary object of the present 
invention to reduce dysfunction in an angioplasty procedure, by 
adaini storing to a patient, a pharmacological amount of a 
conposition which will provide antiplatelet effects, 
antispassatic effects and probable antithrombotic effects. 

It is another salient object of the present invention to 
provide a method of reducing dysfunction which may arise in an 
angioplasty procedure by adminsterlng to an intracoronary artery 
, of the patient an amount of a prostaglandin cozipound 
substantially in excess of the aaount which would have been 
generated by a normal myocardial artery when insulted, auch that 
the amount of prostaglandin compound administered is 
substantially greater than an amount which would be administered 
5 in a replacement therapy. 

It is Btlll another object to provide a pre-paclcaged 
coabination of ooxponents which is effective for reducing 
dysfunction in an angioplasty procedure. 
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BRIEf SUMMARY 07 THE DISCLOSURE 
The present invention relies on a discovery that it is 
possible to substantially reduce dysfunction in angioplasty 
procedures in hxman beings, by introduction in relation to an 
artery in which an angioplasty procedure is to occur, a selected 
aaount of intra-artarial prostaglandin compound. The 
prostaglandin compound stay adopt the fom of several veil Xnovn 
prostaglandin analogs and isomers, as hereinafter described, and 
include, for exanple, the prostaglandin £ compounds, the 
prostaglandin I coapounds, the prostaglandin D compounds, the 
prostaglandin T compounds, Ciprostene, etc. Some of the xaore 
preferred prostaglandin coapounds used in accordance with the 

present invention include, prostaglandin S-1, prostaglandin 1-2 

._. 

and Ciprostene. 

The prostaglandin coapound may be administered before the 
angioplasty procedure and generally during the angioplasty 
procedure and in »any cases, it is adainistered for a selected 
time period thereafter. In the case of a coronary angioplasty 
procedure, an intracoronary bolus injection is adainistered, 
followed by a continuous intravenous injection for a selected 
time period, as for exanple, 6 to 12 hours or more. More 
preferably, an intracoronary prostaglandin bolus injection is 
administered immediately prior to the procedure and another 
intracoronary prostaglandin bolus injection is administered 
immediately after the procedure, and which is followed by the 
intravenous administration. Intracoronary prostaglandin 
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Qdainistration during the procedura aay also teXe place, as 
required. 

It is well known that the nomal body artery will generate 
one or sore of the selected prostaglandin compounds, as for 
exaaple, prostaglandin 1-2 when the artery is insulted, that is 
stressed or otherwise subjected to an injury. See for exasple, 
"Vessel Wall Archiondonate Metabolisn After Angioplasty" by 
Andrew Cragg, H.D. et al, supra. See also, "The Treatment of 
Vasospastic Disease With Prostaglandin S-l", British Medical 
Journal, Volume 201. In a typical myocardial insult, the 
Byocardial artery will generate prostaglandin usually in an 
amount of about one picogram up to a maximum of about three 
picograms. See for example, "Vascular Prostaglandin and 

Thromboxane Production in a Canine Model of Myocardial Ischemia" 
by James M. Schmitz et al, Circulation Research, Volume 57, Ko. 
2, August 1985; "Prostaglandins in Cardiovascular Medicine: Part 
1", by John C. Harold, M.D., William E. Shell, H.D. et al; 
"Cardiovascular Raviaws and Reports", Volume 5, No. 9, September 
1964. 

The anoxint of prostaglandin compound which is administered 
in accordance with the present invention will range depending on 
the (Rendition of the patient, including his or her health, age, 
previous coronary history, ability to accept the prostaglandin 
without adverse side effects and like factors. Generally, in a 
coronary angioplasty procedure the amount of intracoronary 
prostaglandin administered to a patient ranges from about 25 
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nanograas to about 400 nanograisB In bolus adainlBtrationa and 
preferably ranges froa about 80 nanograne to about 260 
nanograms, based on prostaglandin E-1. The amounte of 
intracoronary prostaglandin which are administered represent 
generally the total aaount iaaediately prior to, during and 
iamediately after tha angioplasty procedure. Thus, the first 
bolus injection may comprise about 12 to about 200 nanograms, 
and preferably about 40 to about 130 nanograms. The second or 
post-procedure bolus injection nay also comprise about 12 to 
about 200 nanograms and preferably about 40 to about 13 o 
nanograss. 

More preferably, about 65 nanograms of prostaglandin is 
adjcinistered iauaediately prior to the angioplasty procedure and 
an additional asount of about 65 nanograms of prostaglandin is 
adalnistered immediately after the angioplasty . procedure in 
bolus injections, based on prostaglandin E-1. If the 
prostaglandin compound is administered during the angioplasty 
procedure, the amounts administered iamediately prior to and/ or 
Immediately after the procedure can be altered so that the total 
amount administered falls vithin the above specified ranges. 

The above ranges and specific amounts identified are those 
specifically for prostaglandin E-1. The ranges for the other 
prostaglandin analogs and isomers encompassed by the preeent 
invention and the specific amounts therefore are based on the 
efficacy of such isc=sr8 or analogs compared to prostaglandin 
E*l. Thus, for example, If a particular prostaglandin compound 



0217419 

•noo&passtd by tha prasant Invention has an aCflcacy ot about 50 
per cant that of prostaglandin Z-1, the ranges and the specific 
acounts adainistsrad of that coapound would ba doubled. 

Inasnuch as the prostaglandin conpounds are adainistered 
in accordance with the present invention in nanogram anounts 
(1-billionth of a graa) and at ainiiua, 25 nanograns, and the 
aiaount of prostaglandin which may be generated by any body 
artery on insult is no greater than picograa amounts (1 
trillionth of a gras) and usually less than 3 picograns, it can 
be seen that the prostaglandin compounds administered in 
accordance with the present invention are administered in 
amounts almost one thousand times, and usually much greater than 
one thousand times the amount of prostaglandin which could be 
generated by any normal body artery when insulted. Thus, the 
edainiatration of prostaglandin compounds in the nanogram range 
as specified herein constitutes a pharmacological amount and 
does not merely operate as a replacecant, as for example, in 
replacement therapy, that ia, adminstration of an amount to 
replace that which say have been lost. As an example, cortisone 
may be administered when body cortisone generation is depleted, 
although in amounts saesivaly greater than the amounts depleted 
and is thus considered to be a pharmacological administration. 

In view of the above explanation of administered 
prostaglandin amounts, the term "pharmacological amount" is used 
herein to mean the administration of the prostaglandin compound 
in an amount substantially greater than the amount of 
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proataglandln which would be generated by a ayocardial artery 
when insulted, and usually In an eaount of about at least one 
thousand times greater than the anount which would be generated 
by a normal myocardial artery when insulted. 

5 The- adainistration of the prostaglandin coapound in the 

pharaacological aaount produces unexpected results in that the 
coronary artery or other artery in which the prostaglandin was 
administered reaains dilated for a period of two to three tioes 
longer than if nitroglycerine or verapanil or both were 

10 administered. Moreover, the amount of arterial dilation is 
substantially greater and in many cases, the duct of the artery 
will remain dilated to twice its original size. As an example, 
in an ftngiopl&sty procedure, the artery may remain dilated for a 
period of about 45 seconds after removal of the catheter tip. 

15 With adainsitration of nitroglycerine, the artery may remain 
dilated for a period of about two minutes. With the 
adainistration of prostaglandin E-1, the same artery will reaain 
dilated for a period of seven minutes or longer. This dilation 
period enables the body to overcoae the results of abrupt 

20 occulsion or other dysfunction which often results after an 
angioplasty procedure. In addition, there is a substantially 
greater length of the ayocardial artery which is dilated after 
the adainistration of the prostaglandin compound in the 
pharmacological anount. For example, a length of artery which 

25 is dilated may easily exceed two to three tiaes the length of 
artery section which is dilated under the administration of 
nitroglycerine , 
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^^ ^«^f ^ yT■Tn nPSPRTPT TOK OF P-^VFTPJ^^D EM30DIMEKTS 
In accordance with the present Invention, a. prostaglandin 
compound, as hereinafter described in core detail, is 
adainietered to the artery in an amount 
5 required to provide cyto-protection, antithroabotic effects, 
antiplatelet effects and antispasoic effects. 

Generally, the prostaglandin coapound is administered in 
the region in which the balloon catheter is to be inserted in 
order to reduce the otherwise adverse side affects and 
,0 dysfunctions which may result when attempting to dilate an 
artery. Khile the prostaglandin compound is generally 

administered just prior to the angioplasty procedure, in many 
cases it is desirable to administer the prostaglandin compound 
to the patient during the procedure and/or for some time period 
,5 thereafter and which is hereinafter described in more detail. 

The method of the present invention was developed and has 
been proven to be highly effective in myocardial angioplasty 
procedures. However, the method of the present invention 
utilizing the administration of the prostaglandin compound is 
2o also highly effective for conductirig angioplasty procedures in 
other portions of the human body. Thus, and while the preferred 
embodiment of the invention deals with myocardial angioplasty 
procedures, it is to be understood that the invention is 
applicable to other angioplasty procedures as well. 
25 . Prostaglandin compounds which are used in accordance with 
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tha prasent Invention are unsaturated fatty acids containing 20 
carbon atoms and which usually Include a pair of spaced apart 
side chains and each of which fora soaewhat of a saw-tooth 
configuration, »uch in the. sane fora as a hair pin. The two 
side chains are joined at one end only, by aeans of a 
cyclopentane ring. At the other end, one, of the side chains 
tenainates in a carboxylic acid group, m addition, the two 
side chains aay be provided with one or acre hydroxyl groups 
and/or ketone groups along the length thereof. These 
prostaglandins generally have a chemical structure which may be 
diagraaatically . illustrated- in the following generalized 
structural formula: 




These prostaglandins, which are collectively often 
referred to as "eicosanoids", are known to exhibit biological 
activititiee. These activities include effects on the^auscles 
of vessels, and/or Inflaaatory response, therao-regulation, 
platelet aggregation and the like. However, heretofore, it has 
not been recognized t.\at tha prostaglandin compound could be 
effective in reducing and even overcoming aost of the 
dysfunction resulting from and in angioplasty procedures. 

Prostaglandin E-1 is one of the preferred prostaglandin 
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eoBpounds which nay be' used in Accordance with the aethod of the 
present invention. The prostaglandin E-1 coapoimd is 

Betabolically derived Jron the polyiinsaturated fatty acid, 
dihono-y-linolenic acid. . This protaglandin E-1, has the 
enplrical fornula ^20^34°5 ^^^^ prostaglandin 

E-1 eoapound has the chesical formula 

( 11a , 13 E , 15S ) -11 / 15-dihydro>cy-9 -oxoprost-13 -en-l-oic acid . 
Prostaglandin coopounds of this type are more fully described in 
U.S. Patent Ho. 3,069,322 to Bergstroaet al. 

Prostaglandin E-1 can be structurally diagraaed as ' 
follows': 




The dotted lines between carbon Ko. 7 and carbon No. B indicate 
orientation of the atoa and any group attached thereto below the 
plane of the ring in the alpha stareochenistry . In other words, 
that orientation is below the plane of this paper- The sase 
holds true with the hydroityl groups at the No. 11 and Ho. 15 
carbon atoss. 

The prostoglandin used in accordance with the present 
invention is not United to the prostoglandin E-1 compound but 
encoapasses other derivatives of prostanoic acid and includes 
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all other prostaglandins vhloh provid* th« desirsd 
phamacologlcal affects such as cyto protection. Thosa 
prostaglandins includa, for axanple, prostoglandin E-2 and 
prostaglandin £-3. The prostoglandin' coapounds are also deened 

; to Include their lover alkyl esters and salts and aaides which 
exhibit the desired pharaacological activity. The prostoglandin 
£-2 compounds are disclosed in U.S. Patent Ko. 3,598,858 and 
esters thereof are disclosed in U.S. Patent Ko. 3,691,216 and 
U.S. Patent No. 3,795,697. 

jQ The nuaerals following the designations "prostaglandin" or 

"prostaglandin e.g. "1", "2", "3", represent the total nvtaiber 
of double bonds in the two side chains. Thus, prostaglandin E-2 
has an additional double bond between carbon Ko. 5 and carbon 
No. 6 and has a structural formula as follows: 

0 * COOH . 
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Prostaglandin E-3 has still an additional double bond between 
carbon No. 16 and carbon No. 17 and has a structural foraula as 
followa: 




The coapositlons used in the aethod of the present 
invention also Include the various isoaers, as aforesaid, and 
include for example prostaglandin A isoaers and the 
prostogiandin B isoaers. The prostaglandin A coapounds do not 
include the hydroxy 1 group at carbon No. 11, but have a double 
bond within the ring between carbon Ko. 10 and carbon No. 11. 
Thus, prostaglandin A-1 has a structural formula as follows: 
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The prostaglindln B compounds ara iaonara of the 
prostaglandin A coapounds having a double bond between carbon 
Ko. S and carbon Ho. 12. Thus,, prostaglandin B-1 has a 
structural formula as follows « 



0 . COOH 




The compound prostaglandin T is also, for oxacple, 
encompassed by the present invention. The prostaglandin F 
coapounds have a hydroxyl group at the No. 9 carbon atoa in 
place of a ketone group. Thus, prostaglandin r-2a has a 
structural formula as follows: 
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Those prostaglandin compounds having the cheoical name 
"Cipro8tene% namely, 9-aethylcarbacyclln-calcuin salt and 
having the einpirical fonaula C20H34O5 are also 

prostaglandin compounds which are encompassed by and achieve the 
efficacious results in accordance with the present invention. 
The Ciprostene form of prostaglandin is usually characterized as 
a calculm salt and is a chemically stable analog of 
prostacyclin. Ciprostene has a structural formula as follows: 



10 
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Ca"**^. X H2O 
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It can ba observed that the above are a non-1 icltlng list 
of the prostaglandins which can be used and show that 
essentially any prostaglandin which provides the desired 
pharaacological effect can .be eaployed. Moreover, in a broad 
sense and considering the generalized structural fon&ula set 
forth above, it should be understood that the orientation, as 
shown in dotted lines, ray be in or out of the plane of the 
cyclopentane, that is in or out of the plane of this paper. 

Thus, the prostaglandin coapound enccBpaseed by the 
present invention, as represented by the generalized foraula set 
rorth above, is coasprised of a cyclopentane ring having a pair 
of side -chains therein and one of which teminates with a COO- 
moiety. The *'dotted'* bond in the generalized structural foraula 
may be in or out of the plane of the cyclopentane ring and any 
of the bonds in the side chains may be single bonded or double 
bonded and which nay also be in or out of the plane of the side 
chains and which side chains aay include hydroxyl and ketone 
moieties thereon which may be in or out of the plane of the 
cyclopentane ring. 

The COO- group, which aay be represented by COOR, is 
preferably a carboxylic acid group, e.g. COOH. Hovever, the R 
aay be hydrogen, as aforesaid, C^-C^^j alkyl or |Cj^"Cj^q 
cycloaDc^'l, ^6"'"16 aralJcyl, phenyl optionally stibstituted 

with one, two or three chloro or C^^-C^ alkyl. In general any 
panaacologically acceptable cation aay be used. 

The biosynthesis of prostaglandin conpounds and their 
pharmacological actions are technically cocplex and the details 
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of the synthesis are not necessary for tha practice of the 
present Invention. However, in general terms, the icsediate 
fatty acid precursers of prostaglandin biosynthesis are 
dihoao-y-linoleic acid (chenically known aa 5, 8, 
11-eicosatrienoicc acid) and arachidonic acid (chenically known 
as 5, 8, 11, 14-eicosatetraenoic acid). 

Any carrier which is phamaceutically acceptable and is 
phamacologically inactive nay be used to deliver the 
prostaglandin conpound. Generally, dehydrated alcohola such as 
ethyl alcohol, normal propyl alcohol, isopropyl alcohol, 6tc. 
may be eaployed. Other carriers which aay be esployed are for 
exanple saline solutions. The asount of carrier used to deliver 
a given aaount of prostaglandin is determined by the duration of 
the prostaglandin administration. Thus, if it is desired to 
administer the prostaglandin over a nine hour period, a 
determination of the amount of prostaglandin is made taking into 
consideration the patients weight, as hereinafter described. 
The amount of carrier selected will be sufficient zo adainistar 
that determined amount of prostaglandin over the selected tine 
period. 

In use, the prostaglandin compound can be stored in 
unopened amplules and nay be stable for up to two years in a 
refrigerated condition. When the prostaglandin compound is 
dissolved in a saline solution or glucose to form an infusion 
solution, this infusion solution can be stable for up to about 
24 hours. 
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The prostaglandin is adalnistered to the region in which 
an angioplasty procedure is to take place in an a&ount of about 
25 nanograas to about 400 nanogra&s and preferably about 80 
nanograms to about 260 nanograns and even aore preferably in an 
amount of about 130 nanograms, based on prostaglandin £-1, for 
bolus Injections. In soce cases, it is desirable to 

intravenously adalnlster the prostaglandin compound after the 
angioplasty procedure, as for example, generally continuously 
during a 12 hour period after the procedure, and which may vary 
somewhere between about 9 to about 15 hours. In this case, the 
prostaglandin compound is administered in an amount of about 10 
to about loo nanograms per kilogram of body weight per minute 
after the procedure, based on prostaglandin E-1, and during the 
9 to 15 hour period. 

More preferably, the prostaglandin compound is 
intravenously administered in an amount of about 15 to about 40 
nanograms par kilogram of body weight per minute after the 
procedure, based on prostaglandin E-1, and during the 9 to 15 
hour post angioplasty period. Here again, the amounts which are 
administered will vary from patient to patient, depending on 
those patient factors mentioned above, e.g. health, aga, 
coronory health history, reaction to administration, etc. 

The present invention also provides compositions which are 
effective for reducing dysfunction in angioplasty procedures end 
which involve the use of the prostaglandin compounds. The 
compositions generally comprise a carrier which contains a 



celected amount of the prostaglandin. The carrier Bust ba one 
vhich does not alter the prostaglandin coxpound and does not 
Inhibit its effectiveness. The carrier aust also release the 
prostaglandin coopound et a rate sufficient to dilate the blood 
vessels. Naturally, the carrier should be in a fom vhich is 
capable of being intravenously introduced. 

Each of the other prostaglandin coapounds vhich are 
encospassed by the present invention have an efficacy directly 
related to that of prostaglandin E-1. Thus, the amounts of the 
other prostaglandin compounds which aay be employed in the 
present invention is based upon the efficacy of such 
prostaglandin compounds compared ^o the efficacy of 
prostaglandin E-1. For this purpose, the amount of any 
prostaglandin compound which is used in a carrier is present in 
an aaount necessary to produce an efficacy approximately 
equivalent to the efficacy produced by at least a minimum of 25 
nanograms of prostaglandin Z-1 to the efficacy produced by a 
maximum amount of about 400 nanograms of prostaglandin E-1. 

The efficacy which is produced by any other prostaglandin 
compound encompasead by the present invention can be easily 
related to the efficacy produced by prostaglandin E-1 based on 
trial techniques. In other words, it is relatively simple to 
detennins the efficacy produced by using, for example, 
prostaglandin 1-2 and to determine the efficacy produced by 
using prostaglandin E-1 such that the skilled artisan can easily 
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detemlno the anounts o.f any other prostaglandin to be used 
based on the use o£ prostaglandin E-1. 

In the case of the prostaglandin 1-2 compound, this 
prostaglandin coopound would be present In the compocition 
adialniBtsred to the patient icaediately before and lumediately 
aiter the angioplasty procedure in a total anount of about 3.7 
nanograns to about 75 nanograms. The prostaglandin^ 1-2 aore 
preferably would be adninistered in a range of about 12 
nanograns to about 49 nanogram. The ciprostcne prostaglandin 
compound would be present in the conposition and adainistered to 
the patient immediately before and after the angioplasty 
procedure in a total amount of about 157 nanograms to about eooo 
nanograms. The ciprostene prostaglandin preferably would be 
administered in a range of about 600 nanograms to about 3900 
) nanograms, and even core preferably about 1430 nanograms. 

The above described quantities of prostaglandins are all 
based on the use on bolus injections. The amounts specified are 
also based on one intracoronary bolus injection prior to the 
angioplasty procedure and one bolus injection after the 
angioplasty procedure. Thus, each injection would be based on 
one-half the amounts specified. If intracoronary injections are 
made during the procedure, the amounts administered be'fore and 
after would be altered. Further, the amounts administered may 
vary from patient to patient for the reasons mentioned above. 

There are three general groups of carriers which have been 
found to be highly effective for use in the compositions of the 
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invention. These carriers include isotonic solutions as well as 
two forno of hypertonic solutions. One type of hypertonic 
solution includes the angiographic contrast naterials and the 
second fona of hypertonic solution includes the biodegradable 
prostaglandin carrying spheres. 

The isotonic solutions are generally all licpiid in form 
and are typically various salt solutions. One of the preferred 
isotonic solutions is a saline solution present in an amount of 
about 5 cc. This emo\int of saline is effective to hold about 25 
to about <00 nanograns of the prostaglandin E-1 compound. This 
amount of saline solution is also effective for generally all of 
the other prostaglandins encotspessed by the present invention. 

Other types of isotonic solutions which can be employed 
are 0.9 percent sodium chloride or some dextrose solutions, as 
for example a five percent (5%) dextrose solution. It is also 
possible to use a five percent (5%) dextrose solution with 0,2 
percent sodium chloride therein. Lactated Ringers are also 
effective as one of the liquid carriers. The isotonic liquid 
carrier should have an oscolar strength about equivalent to that 
of seavater. 

Angiographic contrast material can also be used as an 
effective carrier for the prostaglandin compounds. Many of the 
angiographic materials which may be used are usually X-ray 
absorbent as for example, hypaque-sodium. Potassium iodine and 
certain other recognized potassium salts may also be used as the 
carrier solution. It is also possible to use multiple ionic 
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Mt«rlols vueh aa po%»«siu& lodld* and iron ooablnationt as th« 
earrlar since they ' all function as angiographic contrast 
naterialB. 

Iha anount of the angiographic contrast aaterlal which is 
enployed depends upon the anounts which are nomaily used to 
achieve the necessary contrast In an angiography procedure. 
Usually, about 3 cc to about lo cc of the angiographic contrast 
material is used as the carrier per bolus injection. 

The third group of carrier oaterials are the prostaglandin 
carrying microspheres. Generally, three major types of 

microspheres may be employed and these include: (1) protein 
laden microspheres, (2) carbohydrate laden microspheres and (3) 
free fatty acid laden microspheres. 

The protein laden microspheres may include, for example, 
albumen laden microspheres. The carbohydrate laden microspheres 
may include, for example, various known and accepted starch 
laden microspheres as well as various known polysaccharides. 
Liposome is an effective example of a fat laden microsphere. 

The tern ''microsphere** is used to represent particles 
ranging in size from about 7 p, the diameter of a red blood 
cell, to about loo p in diameter. A particular group of 
"uniformly" sized microspheres may vary in diameter up to aroxind 
25%. Thus, a group of 10 \i dianetar microspheres might range in 
size from around 8.5 ^ to around 11.5 fi in diameter. Usually, 
about 225,000 to about 300,000 microspheres are present as the 
carrier for a bolus injection. 
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The nlcrospherea of the present Invention may be conpoBsd 
of any long chain corpound susceptible to cross linXing to a 
solid in which aiaide or carboxyl grovps are exposed or are 
capable of being exposed by suitable treatnant. This includes, 
but is not linited to, latex nateriala such as polystyrene and 
styrene divinylbenrene, agarose, poly alkylcyanocryl ate, albumin, 
cross'linked elbxmin, sucrose, starch, cellulose and dextran. 
Usually, about 22S,o6o to about 500,000 microspheres are present 
as the carrier for a bolus injection. 

As indicated previously, the prostaglandin compound may be 
adalnistered for a selected time period, as for example, nine to 
15 hours after the angioplasty procedure. This intravenous 
administration, when coupled with the previously described 
intracoronary administration has been found to produce highly 
effective results. The amount of prostaglandin in the solution, 
which is administered drop-vise, should be in the range of about 
10 nanograms to about 100 nanograms per kilogram of body weight 
per minute for prostaglandin E-1. Preferably, the prostaglandin 
E-1 is administered in a range of about 15 to about 40 nanograms 
per kilogram of body weight, per minute and even more preferably 
about 20 nanograms per kilogram of body weight per minute. 

The amount of the other prostaglandin compoiinds which 
would be administered intravenously is also based on the 
efficacy of such other prostaglandins related directly to the 
efficacy of prostaglandin E-1. Thus, the prostaglandin in the 
carrier to be administered to a patient is present in an amount 
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to dellvar to th« patient a dssirad vslght of proitsQlandin In 
nanogr&aa per Icllogran of body waight of tha pat 1 ant par minuta 
to produce an efficacy equivalent to tha efficacy of 
prostaglandin E'l when adainistared in the selected range. 

In a Bore preferred esbodiment, the aaoxint of 
prostaglandin £-1 is administered In a range of about 15 
nanograms to about 40 nanograms per kilogram of body weight , per 
minute, as aforesaid. with respect to the prostaglandin 1-2 
compound, this prostaglandin would be administered in an amount 
of about 1.5 nanograms to about 19 nanograms and preferably in a 
range of also 2 to about 7.5 nanograms per kilogram of body 
weight per minute. Ciprostene would be administered in an 
amount of about 75 nanograms to about 1500 nanograms and 
preferably about 112 to about 600 nanograms per kilogram of body 
weight per minute. 

It has also been found in accordance with the present 
invention, that the intraveneous administration of the 
prostaglandin compound followed by the intracoronary 
administration substantially reduces the restenosis was normally 
encountered in angioplasty procedures. It may be observed from 
the following Example III that there was a marked decrease in 
restenosis when the intraveneous administration of prostaglandin 
followed the intracoronary adzinistration. In addition, when 
the amount of prostaglandin is reduced progressively to 0 during 
the last hour or two hours oJ the intravenous administration, 
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th*r« Lm a reduced t«nd«ncy for th« patiant to aufftr advcrsa 

aff acts. 

Tha presant Invention Is affective In providing 
oonposltlons containing tha above identified asounts of 
prostaglandin for ready adnlnlstratlon of the sane. Thus« and 
for exasplei a conposltlon nay contain a carrier and tha aaoiint 
of prostaglandin carried by that carrier which Is necessary to 
produce an efficacy approxlaately equivalent to the efficacy 
produced by adclnstratlon of prostaglandin £-1 in a range of 
about 25 nanograms to about 400 nanograsts. Kore preferably, 
this conposltlon would contain the prostaglandin cocpound 
necessary to produce an efficacy In a range approxi&ately 
equivalent to the efficacy produced by the administration of 80 
nanograms to about 260 nanograms of prostaglandin E-1. 

The conposltlon also preferably includes those carriers 
which were mentioned above and include those selected fros the 
class consisting of (a) an isotonio solutloni (b) an 
angiographic contrast aaterial and (c] biodegradable 
prostaglandin carrying Kicrospheres. 

In another einbodinentf the composition of the present 
invention aay be described as that coaposition which conprises 
the carrier for the prostaglandin coapoumd and also the 
prostaglandin compound which is carried by that carrier. The 
prostaglandin is present so that it can administered over a 
selected tise period at a relatively constant rate and in an 
amount to produce an efficacy approximately equivalent to that 
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produced by the adoinlstratlon of proetaglendln E~l In a range 
of about 10 nanogr&as' to about 100 nanograms per kilogran of 
body weight per ainute. In this way, the corapoaition thereby 
provides the cyto-protection and the antithrombotic effects and 
the antiplatelet effects and the antispasmic effects. 

The present invention also provides a kit or package 
containing the necessary cocponents containing the prostaglandin 
compound In amounts to be administered in the proper dosage. 
Thus, a kit may be initially provided with a first syringe 
containing the amount of prostaglandin compound necessary to 
produce an efficacy produced by administration of 12 to about 
200 nanograms of prostaglandin £-1 and preferably the efficacy 
produced by the administration of about 40 to about 130 
nanograms of prostaglandin E'-l. The kit vo\ild also contain a 
seccnd syringe for' a bolus Injection and which would also 
contain a prostaglandin compound present in an amount to produce 
an efficacy approximately equivalent to the efficacy of about 12 
nanograTBS to about 200 nanograms of prostaglandin £-1 and 
preferably an efficacy approximately equivalent to that produced 
by the administration of about 40 nanograms to about 130 
nanograms of prostaglandin £-1. Finally, this kit or package 
would also include a container such as a sealed package 
containing the amount of prostaglandin compound necessary to 
provide intraveneous administration fort the selected time period 
of 9 to about 15 hours. 

As a specific example of a package, the first syringe or 



container vould contain about 65 nanograaa of prostaglandin E-1 
in a 1 CO saline solution and which aay bs diluted to about a S 
cc saline solution for use. The kit vould also include a second 
syringe or container which contains about €5 nanograas oi 
prostaglandin Z-1 in 1 cc of a saline solution and which again 
may be dilluted to about a 5 cc saline isolution in use. 
Finally, the package or kit of the present invention would 
include, in this example, a container of the saline solution 
which administers about 15 to eibout 40 nanograms of 
prostaglandin z-1 per kilograa of body weight per ninute for a 
12 hovLT period. 

EXAMPLES 

The invention is further described by but not limited to 
ths following exaoples. 

EXAKPLB I 

In order to assess the effects of intracoronary 
prostaglandin E-1 on nyocardial blood flow in relation to a 
successful coronary angioplasty, twelve patients were given 
sixty five nanograms of the prostaglandin E-1 which was heuid 
injected by bolus under blinded conditions. The angioplasty 
procedure involved a residual luminal diameter of less than 40 
percent* The sixty five nanograms prostaglandin E-1 was 
dissolved in about four oil il iters of dehydrated alcohol. 
Twelve additional patients were given four mililiters of 
dehydrated alcohol as a placebo and control agent. 
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Digltal radiographic assessmentB of contrast isedivra 
appearance tine distal to the stanosed coro;iary*iBrtery under 
hypemic conditions were made 45 seconds after the start o£ the 
angioplasty procedure. The saaF radiographic asses scent was 
made as a control under non-hypezaic conditions on an 
Intracoronary placebo 4 5 seconds after the start of the 
emgioplasty procedure. This inforaation was used to oeasure 
myocardial blood flow isunediately before and after the 
administration of the prostaglandin £-1. The knovn accepted 
method of the reciprocal of the coronary flow ratio (CFS) was 
used to se&sure myocardial blood flow. Neither the 
prostaglandin Z-1, nor the placebo elicited any angina, 
dysrytheaia or any significant pressure changes. 

This study revealed the following data in vhlch PGE-1 is 
the prostaglandin E-1 cospoxind and PTCA represents the 
percutaneous transluminal coronary angioplasty procedure. N 
represents the number of patients, K3? represents the myocardial 
blood flow and CFR represents the coronary flow ratio, ZAD 
represents the left anterior descending coronary artery and RCA 
represents the right coronary artery. 



Paraaieter U 

IC Ulacebo Pre-PTCA 6 

IC PCE-1 Pre-PTCA 6 

IC Placebo Poet-PTCA 6 

IC PGE-1 Post-PTCA 6 



IAD or RCA 

Stenosis CTH. 

80.4±11 1,02+0. 13 ]p-NS 

80.4+11 1.14+0.17 

24.6+10 1. 48+0. I4]p«. 001 

24.6+10 2.16+0.34 
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In order to evaluate post angioplasty effects In which 
prostaglandin was adninistered, 40 patients were selected between 
the ages of 18 and 75. The patients were nales or otherwise 
poet-aanopausal or sterilized feaales. The patients undergoing 
the post tranaluninal coronary angioplasty exhibited 
incapacitating angina or chronic stable angina while on naxiaal 
aedical therapy. 
Patient Selftction and Grouping 

Patients who had a cerebrovascular accident or acute 
myocardial infarction within two nonths prior to the test were 
excluded. Also excluded were patients having unstable 

ventricular arrhythemia refractory to conventional 
anti-arrhythemic therapy. Also excluded were any patients that 
had cancer within the past two years unless a complete cure was 
clinically evident for two years. Patients with streptokinase and 
patients with acute respiratory infections, or patients who have 
had surgery within several weeks preceeding the test were also 
excluded. Further excluded were patients that had pericardial 
infusion and/ or severe difuse pulaonary aveolar edeaa, patients 
with previous angioplasty vessel dilation, patients with 
coagulation disorders, active bleeding sites or gastrointestinal 
bleeding, or patients with poorly controlled diabeties aellitus. 

The patients were divided into three groups which incp.uded 
a so-called "drug group", that is a group in which the patients 
were known to have received the prostaglandin Z-1 coapoimd, a 
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Bo-called "open label" group in which the patients received 
either a placebo coapound or otherwise the proatroglandin Z-1 
compound. The patients in this "open label« group received 
coRpositiona handed to the physicans properly narked by a 
pharaacist, although the identification es to which patient in 
the "open label" group received the prostaglandin coapound and 
which patient received a placebo was )cnown only to the pharmacist 
and not to the physicians. Finally, the third group' or eo-called 
"placebo" group, received only a placebo coaposition which 
included only a dehydrated ethyl alcohol. 

Hine patients were included in the placebo group, eight 
patients were included in the drug group and seven patients were 
in the open label group. The placebo group was conprised of six 
sen and three woaen. There was one death within twenty four 
hours in post-angioplasty, due to abrupt occlusion. Two of the 
patients in the placebo group did endure prolonged angina. In 
the drug group, patients were of a similar age having an average 
of fifty four years and was cooprised of seven nen and one 
wojtan. There were not alsrupt occlusions, episodes of prolonged 
angina or any significant coaplications experienced in this 
group. Finally, in the open label group, five of the patients 
were sen and two were wcaen in a similar age range. No 
coaplications were exhibited in any patient in this 
post-angioplasty group. 
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Procedural Steps 0217419 
Prior to the Insertion of the balloon catheter, all of the 
patients received 10,000 bolue unite of heparin and intravenous 
nitroglycerine, as required, as well as sublingual nitrate and 
beta blockers or intraveneous verapamil. 

Prostaglandin E-1 was injected at sixty five nanograms 
intracoronary before and after the angioplasty procedures. 
Further, tventy nanogracs per kilograa of body weight per ninute 
were then infused into the patients over a twelve hour period, 

10 intravenously while Bonitoring the patients in an intensive care 
unit. The dosage was gradually tapered to 0 over the last six 
hours of this twelve hour period. The prostaglandin conposition 
was infused through the ballon catheter into the zyocardiua at 
the time of prolonged ballon inflation. 

15 The placebo composition was administered to the patients in 

the placebo group much in the same manner as the prostaglandin 
E'l was administered to the patients in the drug group. Finally, 
the proper composition known by the pharmacist was administered 
to each of -the patients in the open label group. In the case of 

^ those patients in the drug group, during inflation and total 
occlusion, the prostaglandin composition infusion occured 
intraveneously in the dosage specified. 

Thereafter, a 2D echocardiogram is placed ovsr the heart 
during the occlusion and an LV function change was measured 

25 simultaneously. Further, alpha platelet IV as well as beta 
thromboglobulin was measured immediately and fifteen minutes 
after balloon inflation. 
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Tho 2D echocardiogram was rs-oeasured at three and six 
atonth Intervals after the angioplasty procedure in order to 
detenaine the effects of the prostaglandin composition and the 
angioplasty procedure itself on left ventrical function, both 

5 globally and regionally. Also, duration of reactive hypermia was 
measured after ballon inflation along with a gradient as an 
approximation of coronary blood flow. 
Method of MeRsurlnq Coronary Blood Flow 

The method of Vogel, et al was used to measure coronary 

zo blood flow (Application of Digital, . Techniques to Selective 
Coronary Arteriography, tJse of Myocardial Contrast Appearance to 
Measure Coronary Flow Reserve, American Heart Journal, Volxime 
CVII, Number 1, January 1984}. 

The prostaglandin compound is used as a hyperemia inducing 

15 substance, instead of being used for contrast. Beyond that, the 
method and equipment are identical. Digital processing of the 35 
ms:. cine films was digitized. Gated interval differencing and 
functional image generation were employed in accordance with the 
method of Vogel. 'The digital Images were stored in a disk memory 

30 and fi\;Ubsequent processing was performed on a mini computer. 

A single intensity and color modulated functional image is 
generated in five colors. Each corresponds to one of the five 
post-contrast or prostaglandin injection cardiac cycles analyzed 
and are used to display the cycle in which contrast medium 

2j appeared in each pixel. 

In accordance with the technique described by Vogel, supra, 
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256 intensity Itvela ver^ us«d to dapict th* rel&tiva aaount o; 
the increase in contrast &ediua that occured in each pixel during 
its appearance in a cycle. This fom of dual-function 
arteriographic inage has been termed '^contrast sediusi appearance 
picture". This is coupled with the syocardial contrast appearance 
tine, i.e. the ti&a froa the onset of contrast injection to its 
appearance vithin the region of nyocardiua, and this was then 
used as an index of regional coronary blood flow. 

In order to aeasure intracoronary blood flow before and 
after prostaglandin administration, digital radiographic 
assessment of contrast nediua appearance tice distal to the 
targeted stenosed coronary artery vas used. Keasuresents vera 
made for prostaglandin P-1 under hypereric conditions, i.e. 65 
nanograns of intracoronary prostaglandin E-1 after 45 seconds, 
versus a control, and nonbyperesic conditions, i.e. intracoronary 
placebo (5 cc. of absolute alcohol} , to aeasiire myocardial blood 
flow before and ioaediately after the coronary angioplasty. The 
accepted aethod of the reciprocal of the coronary flow ratio vas 
used to deteraine nyocardial blood flow, substituting, hovever, 
intracoronary prostaglandin E-1 for contrast as the hypereaia 
inducing agent. Neither the intracoronary prostaglandin E-1 nor 
placebo elicited any angina, dysrhythnia, or significant pressure 
changes. Equivalent dosages for other intracoronary E-1 like 
prostaglandins are also eaployed, based on the coapound's potency 
as coapared to intracoronary prostaglandin E-1. The intravenous 
route is preferred for intracoronary prostaglandin E-1 like 
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prostaglandin coapounds (including PCZ-12, its salts, esters, 
andaaids). However, other systenic routes of administration 
(e.g. oral, parenteral, intra-arterial) may also be employed as 
long as the dosage used achieves the same blood level of drug as 

J the intravenous route, 

Ac summarized by Vogel in The Radiographic AssBBsment of 
Coronary Blood Flow Parameters, Circulation, Volume LXXII, Number 
3, September 198S, this iraging technique to measure coronary 
blood flow is performed rapidly during cardiac catheterization. 

,0 However, atrial pacing, ECG synchronized power injection of 
contrast media, digital radiographic equipment capable of direct 
digital storage and fixed patient positioning were added to the 
routine technique and did not result in any problems. 
Results 

,j Seventeen doubly blinded patients did provide data which 

allowed for complete analysis. JTine patients were given the 
placebo ha.nd-injected, bolus, intracoronary before and after the 
angioplasty procedure, and the myocardial blood flow was measured 

as described above. 

JO tJnder double blinded conditions, the placebo given was the 

4 or 5 cc. of dehydrated alcohol, and this same vehicle was used 
for the prostaglandin E-1. In this group of nine, there was one 
death in 24 hours and two episodes of prolonged angina documented 
by l^CC change. This did not appear in the patients given the 65 

,5 nanograms of intracoronary prostaglandin E-1 hand-injected, 
bolus, in the doubly blinded drug group. 
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The percent, stenosis of the target vessel In the placebo 
and dmg groups were eiailar, being 80 parcant aaan 
pre-angloplasty and 25 percent aaan post-angloplasty, as aeasured 
by standard visual criteria. The patients receiving the drug in 
the open label group had similar degrees of stenosis in their 
coronary arteries prior to angioplasty. The incidence of 
unstable angina, antecedent nyocardlal infarction, or 
post-infarction angina, was siailar in all three groups, nanely, 
33 percent in the placebo group, 25 percent in the drug group, 
and 29 percent in the open label group, regarding aiyocardial 
infarction, one patient with unstable angina post-infarction in 
the drug group, none in the placebo group, and two in the open 
label group. 

When comparing the placebo group with the intracoronary 
drug group, the nine patients receiving the intracoronary placebo 
injection, pre-coronary angioplasty, showed a reciprocal of the 
coronary flow ratio of 1.04 ±0.13 standard error of the mean. 
Eight patients in the drug group, pre-coronary angioplasty, and 
the seven patients in the open label group, pre-coronary 
angioplasty, showed a coronary flow ratio of 11 ±0.17, and the 
difference between the placebo and drug group was not significant 
pre-angioplasty. It should be noted that despite the tight flow 
Halting stenoses in the ascending coronary arteries, 
intracoronary prostaglandin E-1 did augnent flow slightly, but 
this was not significant because of the flow liaitlng stenosis. 



-38- b21741^ 

The nine patients in the placebo group, post-angioplasty, 
had a coronary flow ratio of 1.54 ±.12, which is higher than the 
pra-coronary angioplasty flow. m the drug group and the open 
label group, the coronary angioplasty elicited an intense 

S hypereaia, which yielded a coronary flow value of 2.31 +0,34 with 
the P-value of points less than .001 using a student two tailed 
T-test. In the open label group, the duration of the hypereaia 
was tested with two and five ninute repetitions of the coronary 
flow value and the hypereria was still much above a baseline 

JO flow. In two patients in the open label group, the comparison of 
the hyperenic response of intracoronary prostaglandin E-1 was 22 
percent higher than judged by the coronary flow value. 

Two-dinensional echocardiography was performed iaaediately 
after the angioplasty and repeated at least once within two days 

ij prior to the patient being discharged, i.e. whenever clinically 
feasible. The echocardiography did show, in the placebo group, 
no significant increase in regional ventricular function. In the 
doubly blinded drug group, three of eight patients did show 
increase in regional function as judged by independent analysis 

30 by a blinddd investigator, via 2D echocardiographic criteria. In 
the open label group, two of seven patients did show draaatic 
increase in regional LV function. However, one patient did have 
unstable angina prior to the angioplasty. 

jj Based on the foregoing analysis, it was concluded that the 

intracoronary prostaglandin E-1 and the intravenous prostaglandin 
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E-l In the ibov« dascrlb«d dos&9«s was safe end craatad no 
aerioua slda af facts. Moreovar, tha prostaglandin conpounda, 
whan usad as describad hareln, allcit an intenaa hyparenia, at 
least doubling coronary blood flow directly. This effect appears 

5 to be prolonged without inducing any hemodynamic complications, 
such as hypotension. 

The vasodilating and hypereaic effects of prostaglandin E-l 
appears to be a direct result of its antispasi effect in the .area 
where the plaq[ua is ruptured by balloon dilation. Angiography 

,0 reveals .that there appears to be, in almost all instances of 
angioplasty, a subintical disruption and which is the technique 
by which the plaque is fractured during the angioplasty procedure 
and hence the flow obstruction removed. 

Thus, it was concluded that in unstable angina the 
prostaglandin Z-1 and the other prostaglandin compounds do 
inhibit platelet aggregation at the site of antheroma fracturing 
•during angioplasty. Consequently, embolization of microemboli 
platelets in a downstream position is not noted. As a result, 
and as could be anticipated, prolonged angina or abrupt closure 

^ was not observed in the drug group, as it was observed in the 
■ placebo group. 

It was postulated that it is really laposslble to determine 
the appearance and condition of coronary vessels in a 
post-engioplasty procedure condition by angiographic criteria. 
Under pathologic studies previously performed, and under 
angioscopy, a roughing and tearing of the intima and media is 
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nlaost always observed. Consequently, the angiograa therefore 
undereetlaatec the aaount ot damage to a vessel vhich Is 
suhjected to an angioplasty procedure. The site of the procedure 
is unable to. synthesize local prostaglandins. Thus, the 
^roaboxane that is released by the platelets is xinopposed vhich 
results in spasm or thrombus. The exogenous prostaglandin E-1 
and the other prostaglandin coapounds encompassed by the present 
invention delivered in sufficient dosages in accordance with the 
present invention clearly overcones these effects. 

It vas also concluded that the hypereaic or increased blood 
flow state induced by the intra coronary prostaglandin vas 
prolonged aore than with intravenous nitroglycerine. Thus, it 
vas also concluded that it is desirable, in most cases, to 
continue the intravenous prostaglandin S-1 for at least 12 hours 
post-angioplasty and post-intracoror.ary injection to obtain the 
aost beneficial effects of the prostaglandin compound. 

Based on the foregoing, it was concluded that the 
prostaglandin coapound exhibits substantial antithrocbotic and 
antiplatelet effects, as abrupt occlusion and throisbosis were not 
observed in the drug group, but vere observed in the placebo 
group. The prostaglandin compound does exhibit a ayosite 
protection effect, both cellular and as an inhibitor of platelet 
aggregation . 

-ExkypL.g TTT 

Forty patients were evaluated in a double blind study in 
order to determine whether an intravenous infusion of 
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prostaglandin E-1 produced the desired salutary errects after a 
coronary angioplasty prodcedure. Twenty to forty nanograms per 
kllogran per minute of prostaglandin E-1 (test patients) versus a 
normal saline placebo (placebo patients) vas infused into certain 

J of the test patients for a period of twelve hours after the 
angioplasty procedure. Further, one hundred and thirty nanograms 
bolus of prostaglandin E-1 was administered in an Intracoronary 
procedure during the angioplasty procedure. All of the patients 
were prepared prior to angioplasty in accordance vith the typical 

10 procedures with asprin, dipyridamole, heparin, nitrites and 
nifedipine and/or verapamil. Moreover, administration of these 
latter drugs continued after the angioplasty procedure. 

The prostaglandin Z-1 produced a reduction in a number of 
eposides of abrupt occulsions with three occuring in eighteen 

jj patients which did not recieve the prostaglandin E-1 and none in 
fourteen patients which did receive the prostaglandin E-1. All 
patients with disection and/or long spasm had repeat angiograms 
within seven days. Kith disection during the angioplasty 
procedure, prostaglandin E-1 inhibited prolonged spasms (2/5 for 

20 those patients not receiving the prostaglandin and 0/6 for those 
patients receiving the prostaglandin) and restencsis despite 
systemic heparinizatlon for two to seven days after the 
angioplasty procedure (2/2 for patients not receiving the 
prostaglandin E-1 versus 0/6 for patients receiving the 

25 prostaglandin E-1) . 
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Adverse' effects of prostaglandin £-1 Infusion at this stage 
did not occur, primarily because the patients were deliberately 
volume overloaded. In conclusion, it was determined that a 
prostaglandin £~1 in;^ection intracoronary folloved by intravenous 

J infusion in patients undergoing the angioplasty procedure is 
quite safe. Prostaglandin E-1 appears to inhibit coronary spasas 
and abrupt occulslon, particularly when disection is produced by 
the angioplasty procedure. This salutcry clinical effect of 
prostaglandin S-1 occurs in addition to the effects of standard 

xo phar&bcutical agents currently used in angioplasty procedures. 

One of the unique results vhich has been found in 
connection vith the present invention is a very substantial 
reduction in restenosis, as is evident by the foregoing Example 
III. The problem of restenosis in connection with angioplasty 

I j procedure is one which has plagued cardiologists for a long 
period of tine. Moreover, little is knsvn about the causes of 
restenosis. Nevertheless, it has been observed that there is a 
very siibst&ntlal decrease in restenosis when the prostaglandin 
coonpound is administered in the ranges described herein. 

30 More specifically, it has been found that the restenosis is 

decreased substantially as a result of the ir.tra-arterial 
adninistration immediately before and/or immediately after the 
angioplasty procedure and which is followed by the intravenous 
adninistration of the prostaglandin, as described above. In the 

2j forty cases tested, as in Example III, only five of the patients 
demonstrated early restenosis and all five patients were in the 
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placebo group. In other vords, all patients vho received the 
prostaglandin conpound In accordance with the procedure specified 
herein suffered no early restenosis. It Is preferred to use the 
sane prostaglandin cocpo^nd for the intravenous administration as 
was used for the Intra-arterial adninistratlon, although this is 
not absolutely necessary. 

, Although it is not certain, it is theorized that the 
post-angioplasty procedure intravenous infusion in coEbination 
with the intracoronary administration leads to the significant 
results and substantial reduction of restenosis. . It is believed 
that the infusion during the last nine to fifteen hours and 
preferably the last tvelve hours affects the platelet deposition 
and platelet aggregation. Thus, by reducing the platelet 
deposition and aggregation, previously encountered problems of 
early restenosis have been reduced, if not fully elininated. 
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CLAIMS 

A composition effective for reducing dysfunction In 
angioplasty procedures in hunun beings and being 
adapted for a bolus admini s tr at ion sa id composition 
comprising a prostaglandin compound which in the 
proper amount provides cyto protection and anti- 
thrambotic effects and antiplatelet effects and 
antispasmic effects, a carrier for the prostaglandin 
confound which does not alter the prostaglandin 
compound or inhibit its effectiveness and releases 
the prostaglandin at a rate sufficient to dilate 
blood veiscis, the prostaglandin compound being 
carried by said carrier and being present in an 
amount necessary to produce an efficacy approxi- 
mately equivalent to the efficacy produced by the 
administration of prostaglandin E-i in a range of 
about 12 nanograms to about 200 nanograms, prefer- 
ably of about 40 nanograms to about 130 nanograms. 



The composition of claim i further characterized 
in that the prostaglandin compound is prostaglan- 
din £-1 which is present in said composition in 
an amount of about 20 nanograms to about 65 nano- 
g r ams . 
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A compos 1 1 Ion for intravenous administration to a 
iiuman being and which is effective to reduce dys- 
function in angioplasty procedures In human beings 
when administered over a selected time period at a 
relatively constant rate, said composition compri- 
sing a carrier for a prostaglandin compound which 
docs not inhibit and does not alter the prostag- 
landin compound, a prostaglandin compound present 
in said carrier so that it can be administered in- 
travenously over a selected time period at a rela- 
tively constant rate and in an amount to produce an 
efficacy approximately equivalent to that produced 
by the administration of prostaglandin E-i in a 
range of about lo nanograms to about loo nanograms, 
preferably about 15 nanograms to about 40 nanograms, 
per kilogram of body weight per minute, to thereby 
provide cyto-protection and to provide ant i throbot i c 
effects and antiplatelet effects and antispasmic 
effects . 

The composition of claim 3 further characterized in 
that said composition is adapted for intravenous' 
administration for a period of about 9 to about 13 
hours after an angioplasty procedure. 
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The composition o£ any o£ claims i to 4 further 
characterized in Chat said carrier is selected 
from the class consisting of (a) an isotonic so- 
lution, (b) an angiographic contrast mater ial , 
and (c) biodegradable prostaglandin carrying 
microspheres. ' 

The composition of claim 5 further characterized in 
that said biodegradable microspheres are selected 
from the class consisting of (a) albumen laden 
microspheres, (b) carbohydrate laden microspheres 
and (c) free fatty acid laden microspheres. 

The composition of any of claims i to 6 further 
characterized in that the prostaglandin c«npound 
is selected from the class consisting of prostag- 
landin £-1, prostaglandin I-2 and ciprostene. 

A packaged combination of components effective for 
reducing dysfunction in angioplasty procedures, 
said combination comprising -: 

a) a f irst container having a prostaglandin com- 
pound in an anraunt necessary to produce an 
efficacy in a range approximately equivalent 
to the efficacy produced by at least a minimum 
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of about 25 nanograms of prostaglandin E-i to a 
maximum amount of 200 nanograms of prostaglandin 
E-i by bolus injection Into an artery of a patient, 

and 

b) a second container having a prostaglandin confound 
for intravenous administration after the bolus ad- 
ministration of the first container and which in- 
travenous administration takes place for a selec- 
ted time period after an angioplasty procedure 
and at a rate in accordance with the body weight 
of the patient, the prostaglandin compound in the 
second container being present In an amount to pro- 
duce an efficacy approximately equivalent to the 
efficacy produced by prostaglandin E-x when ad- 
mini stratered to a patient in an amount of about 
10 nanograms to about 100 nanograms per kilogram 
of body weight per minute. - 

9, The packaged combination of components of claim 8 
further characterized in that said combination 
comprises a third container having a prostaglandin 

compound in an amout necessary to produce an cffi- 

I 

cacy in a range approximately equivalent to the 
efficacy produced by a minimum of about 25 nano- 
grams of prostaglandin E-i to a maximum of about 
200 nanograms of prostaglandin E-i by bolus injec- 
tion into the same artery of the patient. 
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lo. The packaged combination of claim 9 further charac- 
terized in that the first and third containers each 
include prostaglandin compounds present in an amount 
to produce an efficacy approximately equivalent to 
5 the efficacy produced by about 40 to about 130 

nanograms of prostaglandin E-i. 



II. The package composition of any of claims 8 to 10 
further characterized in that said carrier is 
selected from the class consisting of (a) an iso- 
tonic solution which is present in a s cc amount, 
(b) an angiographic contrast material present in 
an amount of about 3 cc to about locc per bolus, 
and (c) biodegradable prostaglandin carrying mic- 
rospheres having sizes within the range of about 
>5 10 microns to about loo microns and which arc pre- 

sent in an amount of about 223*000 to about 500,000. 
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CLAIMS ior AUSTRIA, GREECE AND SPAIN 



I. A packaged canibination of components effective for 
reducing dysfunction in angioplasty procedures, 
said conibi nation comprising •: 

a) a first container having a prostaglandin com- 
pound in an amount necessary to produce an 
efficacy in a range approximately equivalent 
to the efficacy produced by at least a minimum 
of about as nanograms of prostaglandin E-I to 
a nuximisr. amount of 200 nanograms of prostag- 
landin E-i by bolus injection into an artery 
of a patient, 

and 

b) a second container having a prostaglandin com- 
pound ior intravenous administration sfter the 
bolus administration of the first container and 
which intravenous administration takes place 
for a selected time period after an angioplasty 
procedure and at a rate in accordance with the 
body weight of the patient, the prostaglandin 
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compound In the second container being present in 
an amount to produce an efficacy approximately 
equivalent to the efficacy produced by prostaglan- 
din E-i when adniini st rate red to a patient in an 
amount of about xo nanograms to about xoo nano- 
grams per Icilogram of body weight per minute. 

The paclcaged combination of components of claim i 
further characterized in that said combination 
comprises a third container having a prostaglandin • 
compound in an amount necessary to produce an 

efficacy in a range approximately equivalent to 

* 

the efficacy produced by a minimum of about aj 
nanograms of prostaglandin E-i to a maximum of ^ 
about 200 nanograms of prostaglandin £-i by bolus 
injection into the same artery of the patient. 

The paclcaged combination of claim 2 further cha* 
racterized in that the first and third containers 
each include prostaglandin compounds present in an 
amount to produce an efficacy approximately equi- 
valent to the efficacy produced by about 4cl. to 
about 130 nanograms of prostaglandin E-i< 

The packaged combination of claim 3 further cha- 
racterized in that the second container includes a 
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prostaglandin compound prcicnt in an amount to pro- 
duce an e££ic»cy approximately equivalent to the 
efficacy produced by administration of prostaglandin 
E-i in an amount of about 15 nanograms to about 40 
nanograms per kilogram of body weight per minute. 

The packaged cambination of any of claims 2 to 4 
further characterized in that the prostaglandin com- 
pound in the first and second and third containers 
is the same prostaglandin compound. 

The packaged combination of any of claims 1 to 5 
further characterized in that the prostaglandin com- 
pound in each of the three containers Is present In 
a carrier selected from the class consisting of (a)' ' 
an isotonic solution, (b) an angiographic contrast 
material, and (c) biodegradable prostaglandin carry- 
ing microspheres . 

The packaged composition of claim 6 further charac- 
terized in thit said biodegradable microspheres 
are selected irom the class consisting of (^) 
albumen laden microspheres, (b) carbohydrate laden 
microspheres and (c) free fatty acid laden micros- 
pheres. 
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S. The packaged composition o£ claims 6 oc 7 further 
characterized in that said carrier is selected from 
the class consisting of (a) an isotonic solution 
which is present in a 5 cc amount, (b) an angio- 
graphic contrast material present in an amount of 
about 3cc to about 10 cc per bolus, and (c) bio- 
degradable prostaglandin carrying microspheres 
having sizes within the range of about 10 microns 
to about zoo microns and which are present in an 
amount of about 225,000 to about 500,000. 



